Observations programme in Washington DC, on his BlackBerry -a number only to be used in emergencies.
"Hey Lindley, it's Tim," said Spahr. "Why would I be calling you?"
Johnson's response: "We're going to get hit?" Spahr also called astronomer Steve Ches ley of the Jet Propulsion Laboratory (JPL) in Pasadena, California, who at the time was hus tling his kids out of the door for school. Chesley hurried into the office, ran a program to calcu late the asteroid's orbit and "was astounded to see 100% impact probability", he says. "I' d never seen that before in my life. " Chesley calculated that the asteroid would hit Earth's atmosphere less than 13 hours later, at 2:46 ut the next day; the impact site would be northern Sudan, where the local time would be 5:46 a.m.. He sent his results to NASA headquarters and the Minor Planet Center, which cir culated an electronic bulletin to a worldwide network of astronomers. A group called NEODys in Pisa, Italy, also confirmed that an impact was nearly certain.
Although several small objects such as 2008 TC 3 hit Earth each year, researchers had never spotted one before it struck. Kowalski's dis covery, therefore, provided a unique chance to study an asteroid and its demise in real time, if astronomers could mobilize resources around the world quickly enough.
Soon emails and phone calls were flying across the globe as scientists raced to coordi nate observations of the incoming asteroid. "IMPACT TONIGHT!!!" wrote physicist Mark Boslough of Sandia National Laboratories in Albuquerque, New Mexico, to colleagues, including a Sandia engineer responsible for monitoring US government satellite data.
Countdown to impact
Peter Brown, an astronomer at the University of Western Ontario in Canada who heard the news from JPL, ran to his local observatory, fired up the telescope and began tracking the asteroid, which looked like "a very small, faint, fastmoving streak", he says. Alan Fitzsimmons at Queen's University Belfast in Northern Ire land called two of his colleagues, who had just arrived at the William Herschel Telescope at La Palma on the Canary Islands and were not scheduled to use the tele scope until the next day. "Listen guys, this is happen ing, this is going to happen tonight, " he told the research ers, who arranged to borrow an hour of observing time from another astronomer.
All day, observations poured into the Minor Planet Center, which released new data and orbit calculations several times an hour. NASA notified other government agencies, including the state and defence departments, and issued a press release that afternoon saying that the collision could set off "a potentially brilliant natural fireworks display". About an hour before impact, the asteroid slipped into Earth's shadow and out of view to optical telescopes. By then, astronomers from 26 observatories worldwide had already captured and submitted about 570 observations, allowing JPL to refine
P. Jenniskens
When an asteroid was spotted heading towards our planet last October, researchers rushed to document a cosmic impact from start to finish for the first time. Roberta Kwok tells the tale. its predicted collision time to 2:45:28 ut, give or take 15 seconds. As the countdown progressed, Jacob Kuiper fretted. Kuiper, an aviation meteorologist on the night shift at the Royal Netherlands Mete orological Institute in De Bilt, had seen an email about the incoming asteroid. And he was worried that no one would see the explo sion in the sparsely populated Nubian Desert.
With less than 45 minutes left, Kuiper real ized he could notify Air FranceKLM -the airline to which he routinely issued weather reports -which probably had planes flying over Africa. About ten minutes later, pilot Ron de Poorter received a message printout in the cockpit of KLM flight 592, fly ing north from Johannesburg to Amsterdam. The message gave the latitude and longi tude of the predicted asteroid impact. De Poorter calculated that he would be a distant 1,400 kilometres from the collision. Still, at the appointed time he and his copilot dimmed the instrument lights and peered northeast.
Far above the plane, asteroid 2008 TC 3 hit the top of the atmosphere at about 12,400 metres per second. The collision heated and vaporized the outside of the rock, ripping material from its surface. The impact of rock atoms with air molecules created a brilliant flash that lit the desert below. Less than 20 seconds after 2008 TC 3 entered the atmosphere, calculations sug gest, pressure on the rock triggered a series of explosions that shattered it, leaving a trail of hot dust.
From the cockpit of his plane, de Poorter saw flickerings of yellowishred light beyond the horizon, like distant gunfire. The flash woke a station manager at a railway outpost in Sudan. In a village near the Egyptian border, people returning from morning prayers saw a fireball that brightened and flared out, according to accounts collected later by researchers. Electronic eyes watched, too. US govern ment satellites spotted the rock when it was 65 kilometres above the ground. Moments later, it was picked up by a European weather satellite, which caught two dust clouds and light from the fireball. An array of microbarometers in Kenya normally used to monitor for nuclear explosions detected lowfrequency sound waves from the blast, which Brown later calculated would be equivalent to about 1-2 kilotonnes of TNT, roughly onetenth the size of the atomic bomb dropped on Hiroshima.
Tracking of the fireball's tra jectory by US satellites showed that JPL accurately predicted the object's location within a few kilometres and a few seconds. "We have never had such a concrete affirmation that all the machinery works, " says Chesley.
But for Peter Jenniskens, an astronomer at the SETI Institute in Mountain View, Califor nia, the spectacular light show was not enough. For weeks after the asteroid hit, Jenniskens, who studies meteor showers, waited to hear whether someone had found the fallen mete orites. No news emerged. "Somebody needed to do something, " he says.
Jenniskens flew to Sudan in early Decem ber and met with Muawia Hamid Shaddad, an astronomer at the University of Khartoum who had already obtained pictures of the fireball's trail from locals. Together, they drove north from Khar toum to the border town of Wadi Halfa, asking villagers where the fireball had exploded in the sky. These eyewitness accounts convinced Jen niskens that the rock had disintegrated high in the atmosphere -in good agreement with US satellite data -and that any fragments were most likely to be found southwest of Station 6, a tiny railroad outpost in the Nubian Desert.
Desert search
On 6 December 2008, Jenniskens and Shaddad set out with a group of 45 students and staff from the University of Khartoum to scour the area. Team members lined up about 20 metres apart over a kilometrewide strip, facing a sea of sand and gravel interspersed with hills, rocky outcrops and dry winding riverbeds. Flanked by two pairs of cars and trailed by a camera crew from news network Al Jazeera, the line of searchers began marching slowly east, like the teeth of a massive comb being dragged through the desert.
Towards the end of the day, a car approached Jenniskens with news that a student might have found a meteorite. "I remember think ing, 'oh no, not again' ," says Jenniskens, who had already fielded several false alarms. Still, he jumped in the car and drove to the stu dent, who presented him with a small square fragment, about a centimetre and a half across with a thin, glassy outer layer. The surface resembled the crust that meteorites form after being melted and solidified, and the rock's deep black colour suggested it was freshly Jenniskens couriered a sample to Mike Zolensky, a cosmic mineralogist at the NASA Johnson Space Center in Houston, Texas. Examining the rock, Zolensky discovered that it contained large chunks of carbon and glassy mineral grains resembling sugar crystals. Tests at other labs confirmed that the sample was a ureilite, a type of meteorite thought to come from asteroids that have melted during their time in space. Only 0.5% of objects that hit Earth yield fragments in this category. But 2008 TC 3 's pieces are strange even for ureilites: they are riddled with an unusually large number of holes, says Zolensky. "It boggles the mind that something that porous could survive as a solid object, " he says.
The findings suggest that 2008 TC 3 broke from the surface of a larger asteroid, as the pores would have been crushed if they were near the rock's centre, says Zolensky. He suggests that future studies of the mete orites' chemistry could help reveal the history of its parent asteroid. Moreover, the new finds might eventu ally yield clues to how planets form, he says, because the asteroid had melted during its history, a process that young planets go through.
2008 TC 3 gave astrono mers a rare chance to connect a dot in the sky with rocks in their hands. "We have a lot of meteor ites on the ground and a whole lot of asteroids up there, and forging a link is not easy, " In the meantime, Kowalski and his col leagues are still on the job. The night after spot ting asteroid 2008 TC 3 , Kowalski headed back up Mount Lemmon, heated his dinner and settled down in the telescope's control room. As his discovery plunged towards the desert on the other side of the world, Kowalski was surveying another part of the sky, waiting for the next white dot. 
